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@> Cordlerite honeycomb-structural body and a method for producing the same. 

(|t) A cordiente honeycomb s'ructuri'd body to r>e ^sed 3 
cataiysr carrier, having excellent heat resistance, thermal shock 
resistance and coatabtliry with a high specific surface area 
material and a catalyst is disclosed, which have a chemical 
composition consisting mainly of 42-56°/o by weight S1O2. 
30-450-0 by weight of A/ 2 03 and 12-16% by weight of MgO, 
having a crystal phase consisting mainly of cordiente and 
having coefficients of thermal expansion of not higher than 
0 3 x 10 - a /-C m the flow-passage direction of the honeycomb 
structure and not higher than 0 5x10" 6 /°C in a direction 
perpendicular to the flow-passage of the honeycomb structure 
within the temperature range of 40-800° C A cordiente 
honeycomb-structural body, which has further such a distribu- 
tion of the diameters of pores that the total volume of pores 
having a diameter of 0 5-5 u.m is not less than 40°'o and the total 
volume of pores having a diameter of not smaller than 10 [im is 
not more than 3CK>''o based on the total pore volume in the bocty, 
has excellent coatability and thermal shock resistance after 
coaling 
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Description 

C ORDIERITE HONEYCOMB-ST R UCTURAL BODY AN D A METHOD FOR PRODUCING THE SAME 

The present invention relates to a cordierite honeycomb-structural catalyst carrier, and more particularly 
relates to a low-thermal expansion honeycomb-structural body having excellent thermal shock resistance, 
5 coatability, that is, coating capability ot a high specific surface area material and a catalyst, and further having 
excellent thermal shock resistance after coating, which body is used e g, as a carrier for a catalyst for purifying 
exhaust gas of automobile, and a method for producing the cordierite honeycomb-structural body 

There have recently been increasingly demanded materials having excellent heat resistance and thermal 
shock resistance corresponding to the progress of industrial technology. Particularly, thermal shock 
W resistance is one of the important properties demanded in the ceramic noneycomb catalyst carrier to be used 
in the purifying apparatus for automobile exhaust gas The ceramic honeycomb catalyst carrier to be used in 
the purifying apparatus for automobile exhaust gas is exposed to vigorous heat generation caused by a 
catalytic reaction of uncombusted hydrocarbon with carbon monoxide contained in the exhaust gas and to 
temperature variation by Ihe rapid heating and rapid cooling at the start and stop of engine, and therefore the 
15 ceramic honeycomb catalyst carrier is demanded to have a thermal shock resistance high enough to resist the 
thermal stress caused oy the temperature difference generated in the honeycomb-structural body 
Particularly, the ceramic honeycomb catalyst carrier is demanded to have a high thermal shock resistance in 
order net to be adversely influenced by tne arrangement of the purifying apparatus near the engine for the 
purpose of increasing the catalytic activity, ar.d by the high speed running of a car 

20 This thermal shock resistance is expressed by the tolerable temperature difference in the rapid heating or in 
the rapid cooling, and it has been known that this tolerable temperature difference is in inverse proportion to 
the coefficient of thermal expansion of a honeycomb-structural body among various properties thereof, that is, 
as a ceramic honeycornb -structural body has the smaller coefficient of thermal expansion, the 
honeycomb-structural body has the larger loierable temperature difference, and that, in the honeycomb-struc- 

25 tural body, its coefficient of thermal expansion in a direction (Fig. 4. axis B direction) perpendicular to the flow 
passage has a particularly high influence upon the tolerable temperature difference. 

!t has hitherto been known that cordo-srite ceramic* is lew in thermal expansion. For example, U.S. Patent 
No. 3,835,977 (Japanese Patent i„aid-cper A\pp'ication No. 50-75,611) discloses an oriented cordierite 
ceramics having a coefficient cf 'harm^ expansion of lower than t 1 x 10 _7 /°C wiih.n the temperature range of 

30 25-1 ,000°C in at least one di:eciion. U.S. Patent No. 3,895,977 discloses a planar orientation of cordierite due 
to plating clay or dslarninated clay o f kaolin or the like, and discloses a composition, which uses silica as a raw 
material and has a low coefficient of thermal expansion of C.56 x 10~ 6 /°C within the temperature range or 
25-1. 000° C. 

This silica type honeycomb -structuial body discicsed in U.S. Patent No. 3,385,977 has a coefficient of 

35 thermal expansion of (1.01-1.08) x 10~ 6 / o C in a direction (in the axis B direction in Fig. 4) perpendicular to the 
flow passage of the ho~,s.yccr.ib S'tructjre, which is high**:" than the coefficient of thermal expansion of 
(0.62-0.78) x 10~ 6 /°C in the U'jw passage direction (in the axis A direction in Fig. 4) of the honeycomb 
structure as disclosed in its working examples, and in this U.S. patent, the coefficient of thermal expansion in 
the axis B direction, which influences iucaten itafly the A hermal shock resistance of the honeycomb structural 

40 body, was not able t bt satisfactorily decreased. 

U.S. Patent No. 3,950,175 (Japanase Patent Laid-open Application No. 5*3-75,612) discloses that a cordierite 
based porous ceramics having opor ~.ot£3, at loasf 20°/o of which have a diameter larger than 10 urn, can be 
obtained by rep'acing partly o~ wholly *alc cr clay ccntained in the starting materials by pyrophylhte, kyanite. 
quartz, silica such as fused silica, or a silica-alumina source material. 

45 Although this U.S. Patent No. 3 .950,175 discloses a cordierite base porous ceramic honeycomb-structural 

body produced by using 'ussd sl'ica an a silica raw material and having a large number of large pores having a 
diameter of larger than *0 urn, this U S. patent does ~c- disclose the production of a low-thermal expansion 
cordierite hon9ycomb-st r ucturs' body, and in this U S. patenf, a cordierite honeycomb-structural body having 
a low coefficient of thermal expansion in its axis B direction was not able to be obtained 

50 Japanese Patent Application Publication No. 57-28.390 discloses that the use of talc having an average 
particle size of 5-150 ujti can produce a ceramic honeycomb-structural body having a low thermal expansion of 
not higher than 1 6x 1C _€ /°C w : ?hi:- the temperature range of 25-1. 000° C. However, this Japanese Patent 
application publication dees net d^close at ail a composition which gives a ceramic honeycomb-structural 
body having a low thermal expms: jn cf bwer than 0.9 x 10- 6 /°C within the temperature range of 25-1,000°C, 

55 and a ceramic honeycomb-structural body having satisfactorily low expansion in both of its axis A and axis B 
directions was not able Eo be obtained. 

The inventors have d ; sc : C5ad in European Patent Application No. 227482 that finely divided talc having a 
particle size of not larger than 5 yim is used as a base material, and is used in combination with high-punty non 
crystalline 3'lica and finely divided alumina n order lo produce a compact ceram:c honeycomb-structural body 

60 having a porosity of noi higher thar 20°/:. However, a cordierite honeycomb-structural body having a low 
thermal expansion lower than 0,3 x 10~ € /°C within the temperature range of 40-800°C was not able to be 
obtained by the methoo of tSis European patent application. 

The inventors have succee Jed -n the production of a cordierite honeycomb-structural body having a 
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porosity of Higher than 30° o but not higher than 42% ana having low thermal expansion in its axis A direction 
and m its axis B direction 

in a ceraiTifC honeycomb-structurai body to De used as a catalyst carrier not on;y :ts iow therma; expansion 
property, Out also its coatability with a high specific surface area material and a catalyst are important 
properties 5 

it has been necessary to coat y-alumma having a large specific surtace area on the surface of wall of a 
cordiente honeycomb-structural body in order to support a catalyst substance The coatability with a high 
specific area material and a catalyst is one of the important properties demanded to a cordiente 
honeycomb-structLrai body to be used as a catalyst carrier, and the cordiente honeycomD-structural body to 
be used as a catalyst earner has been demanded to have a certain degree of porosity m order to satisfy the jo 
above described demands and to carry out the mass production of cordiente honeycomo catalysts 

Honeycomb catalyst is produced by coating the surface of a cordiente honeycomb-structural body having a 
low thermal expansion with a high specific surface area material, such as activated alumina or the like having a 
thermal expansion remarkably higher than that of the cordiente honeycomb-structural body Therefore, when 
the thermal expansion of a cordiente honeycomb-structural body is merely decreased, the thermal shock 15 
resistance of the resulting honeycomb catalyst can not be improved That is, such a technic is demanded that 
the increasing of thermal expansion of the cordiente honeycomb-structural body due to the coating its surface 
with a high specific surface area material and a catalyst is suppressed as small as possible 

Japanese Patent Application Publication No. 51-44,913 discloses that the coatability of a ceramic 
honeycomb-structural body is improved by a method, wherein a ceramic powder is deposited onto the surface 20 
of the thin wall of the honeycomb-structural body, and the ceramic powder-deposited honeycomb-structurai 
body is fred to form a surface layer having pores in a volume of not less than 0.1 cm 3 /g, each pcre having a 
diameter of not smaller than 5 urn. 

However, in the method of this Japanese Patent Application Publication He. 51 44,913, the deposition step 
of ceramic powder to the honeycomb-structural body is required, and the resulting honeycomb catalyst carrier 25 
is expensive, and moreover a honeycomb catalyst carrier having pores having a diameter of 0.5-5 u.m defined 
in the present invention is difficult to be produced. 

Japanese Patent Laid-open Application No 58-14,950/ discloses that, when activated alumina of a high 
specific surface area material is to be coated onto a cordierite honeycomb-structural body, an organic 
substance, such as methyl cellulose or the like, is precoated onto the honeycomb-structural body so that the 30 
activated alumina can not enter into micro-cracks formed in the cordiente honeycomb-structural body, 
whereby the thermal shock resistance of a cordiente honeycomb cataJyst is improved. However, the adhesion 
of h-gh specific surface area material, such as activated alumina, to the cordierite honeycomb-structural body 
is deteriorated during the use of the resulting honeycomb catalyst, and the coated layer is apt to be peeled off. 
Moreover, working steps required for the coating are increased, and the resulting cordiente honeycomb 35 
catalyst is very expensive. 

The inventors have succeeded in the production of a cordierite honeycomb-structural body to be used as a 
catalyst carrier, having excellent thermal shock resistance after coating with a high specific surface area 
matenal and a catalyst, by limiting not only the porosity and coefficient of thermal expansion, but also the 
distribution of the diameters of pores in the body. 40 

An object of the present invention is to obviate the above described drawbacks and to provide a cordierite 
honeycomb-structurai body to be used as a catalyst carrier, having excellent heat resistance and thermal 
shock resistance by limiting the coefficient of thermal expansion in its axis A direction and axis B direction to 
values lower than those of conventional cordiente honeycomb-structural body, and a method for producing 
the body. * 45 

Another object of the present invention is to provide a cordierite honeycomb-structural body to be used as a 
catalyst carrier, having excellent heat resistance and thermal shock resistance, and further having excellent 
coatability with a high specific surface area material and a catalyst, and being small in the deterioration of 
thermal shock resistance, said deterioration being caused by the coating with the high specific surface area 
surface material and the catalyst, which have a higher thermal expansion than that of the cordiente 50 
honeycomb-structural body, and a method for producing the body 

The first aspect of the present invention lies in a cordiente honeycomb-structurai body to be us*d as a 
catalyst earner, which has a chemical composition consisting mainly of 42-56% by weight of S1O2, 30-45% by 
weight of A ^Oa and 12-16<Vo by weight of MgO, has a crystal phase consisting mainly of cordiente, has a 
porosity of higher than 30% but not higher than 42%, and has a coefficient of thermal expansion of not higher 55 
than 0 3 x 10" 8 /°C within the temperature range of 40-800°C in the flow-passage direction (axis A direction in 
Fig 4) of the honeycomb structure and a coefficient of thermal expansion of not higher than 0.5 x 10~ 6 /°C 
within the temperature range of 40-800° C in a direction (axis B direction in Fig, 4) perpendicular to the flow 
passage of the honeycomb structure 

The second aspect of the present invention lies m a method for producing a cordiente honeycomb-structu- 60 
ral body to be used as a catalyst earner, comprising mixing talc having an average particle size of 5-100 u,m. 
alumina having an average particle Size of not larger than 2 jj.m, high-punty non- crystalline silica having an 
average particle size of not larger than 15 ^im and other cordierite-forming materials so as to form a mixture 
consisting mainly of 42-56% by weight of S1O2. 30-45% by weight of A£ 2 03 and 12-16% by weight of MgO 
calculated as oxides, kneading the mixture together with a plasticizer and an organic binder to form an 65 
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extrudably plasticated batch, extruding the plasticated batch into a shaped article having a honeycomb 
structure by an extrusion-molding method, drying The shaped article, and firing the dried shaped article at a 
temperature of 1 ,350- 1 ,440 a C. 

The third aspect of the present invention lies in a cordiente honeycomb-structural body to be used as a 
5 catalyst earner, which has further such a distribution of the diameters of pores that the total volume of pores 
having a diameter of 0.5-5 fim is not less than 40% based on the total pore volume and the total volume of 
pores having a diameter of not smaller than 10 jam is not more than 30<Vo based on the total pore volume m 
addition to the chemical composition, crystal phase, porosity, coefficient of thermal expansion defined in the 
honeycomb-structural body of the first aspect of the present invention 
70 The fourth aspect of the present invention lies in that talc having an average particle size of 5-15 jam and 
high-punty non-crystalline silica having an average size of not larger than 12 u.m are used in place of the talc 
and high-punty non-crystalline silica used in the method of the second asoect of the present invention 

For a better understanding of the invention, reference is taken to the accompanying drawings, in which 
Fig. 1 is a graph illustrating a relation between the coefficient of thermal expansion in the axis A 
15 direction of the cordterite honeycomb-structural body obtained in Example 1 and the thermal shock 

resistance temperature of the body; 

Fig. 2 is a graph illustrating a relation between the coefficient of thermal expansion in the axis B 
direction of the cordierite honeycomb-structural body obtained in Example 1 and the thermal shock 
resistance temperature of the body; 
20 Fig. 3 is a graph illustrating a relatton between the average particle size of talc and the coefficient of 

thermal expansion of the resulting cordierite honeycomb-structural body; 

Fig, 4 is a perspective view illustrating one embodiment of honeycomb-structural bodies; 
Fig. 5 is a graph illustrating a relation between the ratio in percentage of the total volume of pores 
having a diameter of 0.5-5 u.m to the total pore volume in a cordierite honeycomb-structural body obtained 
25 in Example 2 and the loading amount of a coating material on the body ; 

Fig. 6 is a graph illustrating a relation between the ratio in percentage of the total volume of pores 
having a diameter of not smaller than 10 p.m to the total pore volume in a cordierite honeycomb-structural 
body obtained in Examoie 2 and the loading amount of a coating material on the body; 

Fig. 7 is a graphs illustrating a relation between the coefficient of thermal expansion in the axis A 
30 direction of a cordierite honeycomb-structural body obtain in Example 2 and the thermal shock resistance 

temperature of the honeycomb-structural body; 

Fig. 8 is a graph illustrating a relation between the coefficient of thermal expansion in the axis B 
direction of a cordierite honeycomb-structural body obtained in Example 2 and the thermal shock 
resistance temperature of the body; 
35 Figs. 9a and 9b are SEM (scanning electron microscope) photographs of 50 magnifications and 2,000 

magnifications, respectively, illustrating the crystal structure of the cordterite honeycomb-structural body 
of Sample No. 50 in Examoie 2; 

Figs. 10a ano iOb are StM pnotograpns of 50 magnifications and 2,000 magnifications, respectively, 
illustrating the crystal structure of the cordiente honeycomb-structural body of Sample No. 54 in Example 
40 2. 

Fig. 11 is a schematic view for explaining the regions in the SEM photograph shown in Fig. 9a ; 

Fig. 12a ana 12b are SEM photographs illustrating crystal structures of the cordiente honeycomb 
structural body of Sample No. 50 at room temperature and at 800° C. respectively, in the same visuai field; 
and 

46 Fig. 13 is a grapn illustrating tnermal expansion hysteresis curves up to 1.200°C of cordiente 

honeycomb-structural bodies of Sampie Nos. 50 and 54. 
The reason why a cordierite honeycomb-structural body having a low thermal expansion can be obtained in 
the present invention is as follows. The mechanism in the cordierite-forming reaction of talc, kaolin and alumina 
in the presence of high-purity non-crystalline silica is remarkably different from the mechanism in the cordiente 

50 forming reaction of talc, kaolin and alumina without the use of high-punty non-crystalline silica, and when high 
purity non-crystalline silica is used, cordierite crystal is formed at a higher temperature than that in the case 
wherein high-punty non-crystalline silica is not used. Hence, domains wherein cordiente crystals are oriented 
in a preferable direction, that is, domains having a maximum diameter of. at least 20 u.m, wherein the 
crystallography axes c of cordierite crystals are arranged in the same direction, can be obtained. Moreover, a 

55 microstructure, wherein idiomorphic cordiente crystals which have an average length of 1-5 (am in their 
crystallographic axis c direction and contain at feast 80<Vo of cordiente crystals having an aspect ratio of 
(iengtn of axis c)/(length of axis a) of at least 1 5, have been predominantly developed. 

Moreover, the micro-structure of the cordiente produced from talc, kaolin, alumina and high-punty 
non-crystaliine silica in the present invention has such a characteristic p r operty that, although the amount of 

60 micro-cracks formed in the cordiente is not so different from the amount of micro-cracks formed in the 
cordiente formed from talc, kaolin and alumina, many of micro-cracks are formed extending along the 
crystallographic axis c direction of cordiente crystals in the domain structure, and absorb the positive thermal 
expansions of cordierite crystal in its crystallographic axes a and b directions, and contribute highly to the 
prevention of the expansion of the cordiente, and hence the resulting honeycomb-structural body is low in the 

65 thermal expansion. 
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When finely d'vided activated alumina 15 used as a raw material without the use or rvg^-punty non-crystalline 
3'hca. the resulting cordiente honeycomb-structura. body has a remarkably high thermal expansion and hence 
it is indispensable to use finely divided activated alumina in combination with high-puntv ncr-crystalhne silica 
•n The production of a cordiertte honeycomb-structural ocdy hav:rg a low thermal expansion ^ the present 
invention 

It is necessary That the cordiente hcneyccmD-structural ocdy having a tow therma 1 expansion ct the present 
invention nas a chemical composition consisting mainly of 42-56% by weight. preferaoiy 4^-53o, 0 by weight, of 
S1O2. 30-45% by weignr. preterably 32-38% by weight, of At 2O3. and 12-160 c by weight, preferably 12 5- 15° 0 
by weight, of MgO The cordie'tte honeycomb-structural body may contain incidentally accompanied 
impurities, sucn as T1O2. CaO, KNaO and Fe^Cb. m a lotaJ amount of net larger than 2 5% Dy weight >o 

It is necessary that the cordiente honeycomb-structural body of the present invention has a crystal phase 
consisting substantially of cordiente crystals, and may contain at least 90% by weight of cordiente crystals 
The crystal phase may contain other crystals, such as muliite and spinel (including sapphmne). 

When a cordiertte honeycomb-structural body has a porosity of not higher than 30%, its coatability with a 
high spectfic surface material ana a catalyst is poor While, when the honeycomb-structural body has a 15 
porosity higher than 42%, the body is poor in strength and further in thermal shock resistance after coating. 
Therefore, the porosity is limited to higher than 30% but not mgher than 42%. 

In the cordiente honeycomb-structurai body of the present invention, when either the coefficient of thermal 
expansion within the temperature range of 40-800" C in the row passages (axis A) direction of the honeycomb 
structure exceeds 0 3 x 10" 6 / n C. or that within the temperature range of 40-800'C m a direction (axis B 20 
direction) perpendicular to the flow passage of the honeycomb structure exceeds 0 5 >. 10~ 6 /°C, the 
cordiente honeycomb-structural body is poor in thermal shock resistance Therefore, the coefficient of 
thermal expansion in the axis A direction is limited to not higher than 0.3 x 10~ 6 /°C, and that in the axis B 
direction is limited to not higher than 0.5 x i0- fl /°C within tne temperature range of 40-800 Q C The coefficient 
of thermal expansion in the axis A direction is preferably not higher than 0 2 x 10" 6 / 'C within the temperature 25 
range of 40-800" C. 

Furthermore, the cordiente honeycomb-structural body of the present invention has excellent thermal 
shock resistance after coating with a high specific surface area material and a catalyst due to the improvement 
of the coatability with the coating material The reason' will be explained hereinafter 

ft has hitherto been known that the water absorption and porosity of a honeycomb-structural body have an 30 
influence upon its coatability with a high specific surface area material, such as activated alumina, and a 
catalyst. However, the inventors have newly found out that pores having a diameter within a certain range, that 
is, pores having a diameter of 0.5 5 u,m, have more influence upon the coatability than the porosity has 
Moreover, the inventors have found out that pores having a diameter of not smaller than 10 u.m, which have 
been formed in a cordiente honeycomb-structural carrier in order to maintain its porosity, deteriorate 35 
adversely the coatability, and increase the dispersion of the loading amount of a coating material. 

The effect of pores having a diameter of 0.5-5 (am for improving the coatability of a cordiente 
honeycomb-structural body appears probably due to the. reason that the depositing speed of a high specrfic 
surface area material such as activated alumina, or of a catalyst to pores is maximum in the case where the 
pores have a diameter of 0.5-5 u.m. due to the particle size of the high specific surface area matenaJ and the 40 
water-absorbing phenomenon by the capillary action. When pores have a diameter of not smaller than 10 j^m, 
the loading amount of a coating material on the cordiente honeycomb-structural body disperse due to the 
impregnation of the surface pores with a high specific surface area material. 

Further, it has been found out that the porosity, of a cordiente honeycomb structural body has a correlation 
to its coatability. When the porosity is not higher than 30%, the coatabiKty is poor. When the porosity of a 45 
honeycomb-structural body is increased while maintaining the ratio of the total volume of pores having a 
diameter of 0.5-5 p.m to the total pore volume, the coatability of the honeycomb-structural body is improved, 
but another important property, that is, mechanical strength., required for a honeycomb-structural catalyst is 
deteriorated. 

It has been newly found out that pores having a diameter of not smaller than 10 u.m have an important role 50 
with respect to the thermal shock resistance of a cordiente honeycomb structural body after coating with a 
high specific surface area material and a catalyst Activated alumina having a high specific surface area, which 
is ordinarily used in order to maintain the catalytic activity, has a particle size of 5-10 jam. and therefore, 
although the depositing speed of the activated alumina is low, the activated alumina particles are easily 
entered into pores having a diameter of not smaller than 10 urn Particularly, the activated alumina are entered 55 
into the mtenor of the partition wall of the honeycomb-structural body, causing a remarkably large thermal 
expansion of the honeycomb structural body Accordingly, it has been found that pores having a diameter of 
not smaller than 10 jam, which have hitherto been formed in a cordiente honeycomb-structural body in order to 
improve its coatability, have an adverse influence upon both its coatability and its thermal shock resistance 
after coating 

The reason tor the limitation m the distribution of the diameters of pores in the honeycombstructural body in 
the third aspect of the present invention is as foilows. 

When total volume of pores having a diameter of 0.5-5 u.m is less than 40% based on the total pore volume, 
the honeycomb-structural body is poor in the coatability, and therefore the total volume of pores having a 
diameter of 0.5-5 u.m is limited to not less than 40% based on the total pore volume Further, when the total 65 
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volume of pores having a diameter of not smaller than 10 u.m exceeds 30% based on the total pore volume, the 
honeycomb-structural body is poor in the coatabil'ty. causing dispersion in the loading amount, and further is 
poor in the thermal shock resistance after coating Therefore, the total volume of pores having a diameter of 
not smaller than 10 p.m is limited to not more than 30% based on the total pore volume Further, it is preferable 
5 that the total volume of pores having a diameter of 0 5-5 pm is not less than 50% based on the total pore 
volume, and the total volume of pores having a diameter of not smaller than 10 um is not more than 20% based 
on the total pore volume 

In the method for producing cordiente honeycomb-structural bodies according to the second and fourth 
aspects of the present invention, when talc having an average particle size of smaller than 5 u.m is used, the 

JO resulting cordierite honeycomb-structural body has an excessively high thermal expansion and has a 
considerably low porosity, and when talc having an average particle size of larger than 100 jam is used, the 
resulting cordierite honeycomb-structural body has excessively high thermal expansion and porosity. 
Therefore, in the method for producing a cordierite honeycomb-structural body according to the second 
aspect of the present invention, the average particle size of talc is limited to 5-100 urn Further, when the 

15 average particle size of talc exceeds 15 u,m ( the above described limitation with respect to the distribution of 
the diameters of pores in the resulting cordierite honeycomb-structural body of the third aspect of the present 
invention cannot be satisfied, and the coatability of the honeycomb-structural body is poor. Therefore, the 
average particle size of talc to be used in the method for producing a cordierite honeycomb-structural body in 
the fourth aspect of the present invention, which has a low thermal expansion and an excellent coatability. is 

20 limited to 5-15 u.rn, preferably 7-12 \irr\. 

When the particle size of alumina to be used in the methods of the second and fourth aspects of the present 
invention exceeds 2 p.m, the resulting cordierite honeycomb-structural body has an excessively high thermal 
expansion, and hence the average particle size of alumina is limited to not larger than 2 u.m. When low-soda 
alumina having an Na20 content of not higher than 0.12% by weight is used, a cordierite honeycomb-structu- 

25 ral body having a low thermal expansion can be produced more easily, and therefore low-soda alumina is 
preferably used. 

When the average particle size of silica to be used in the method of present invention exceeds 15 jjjd, the 
resulting cordierite honeycomb-structural body is excessively high in the thermal expansion coefficient in its 
axis B direction and in the porosity, and therefore the average particle size of silica to be used in the method of 

30 the second aspect of the present invention is limited to not larger than 15 |j.m. Moreover, when the average 
particle size of silica exceeds 12 pjn, the above described limitation with respect to the distribution of the 
diameters of pores in the resulting cordiente honeycomb-structural body of the third aspect of the present 
invention can not be satisfied, and further the honeycomb-structural body is poor in the coatability. Therefore, 
the average particle size of silica to be used in the method of the fourth aspect of the present invention is 

35 limited to not larger than 12 fim, preferably not larger than 6 u,m. 

When quartz is used as a silica component in the raw material mixture, the resulting cordierite 
honeycomb-structural body is too high in the thermal expansion and in the porosity, and therefore silica to be 
used in the methods ot second and fourth aspects of the present invention rs limited to non-crystaliine silica. 
The use of non crystalline silica in an amount of 8-20% by weight is most effective for the production of a 

40 cordiente honeycomb-structural body having a low thermal expansion, and hence 8-20% by weight, based on 
the total amount of the raw materia] mixture, of non-crystalline silica is preferably used. 

The use of kaolin having an average particle size, which is not larger than 2 u.m and is not larger than -J- of the 
average particle size of talc, accelerates the orientation of cordierite crystals and results in a cordiente 
honeycomb-structural body having a low thermal expansion. Therefore, kaolin having the above described 

45 average particle size is preferably used in the methods of the second and fourth aspects of the present 
invention. 

The use of aluminum hydroxide having an average particle size of not larger than 2 urn as an alumina source 
is very effective for accelerating the orientation of cordierite crystals and for producing a cordierite 
honeycomb-structural body having a low thermal expansion, and therefore aluminum hydroxide having an 
50 average particle size of not larger than 2 u,m is preferably used as an alumina source in the methods of the 
second and fourth aspects of the present invention. 

The following examples are given for the purpose of illustration of this invention and are not intended as 
limitations thereof. 

55 Example 1 

Raw materials having chemical analysis values and particle sizes shown in Table 1 were mixed according to 
the batch composition of Sample Nos. 1-19 shown in Table 2, and the resulting mixture were kneaded together 
with methyl cellulose to form extrusion-moldable batches. 

Then, each batch was extruded into a cylindrical green honeycomb-structural body having a diameter of 93 

60 mm and a height of 100 mm, which body had a wall thickness of 152 jam and had 62 cells per one square 
centimeter, each cell having a square cross-sectional shape. After the green honeycomb structural body was 
dried, the body was fired at a firing temperature shown in Table 2 to produce a sintered honeycomb-structural 
body. As the properties of the sintered body, the coefficients of thermal expansion in the axis A direction and 
in the a*is B direction, the porosity, the amount of cordiente crystals and the thermal shock resistance were 

65 measured. The obtained results are shown in Table 2. 
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l>e above obtained resul's are illustrated tn ^gs 1 -3 Fig i illustrates a relation between tne coettoenr of 
;nermai expansion of tne resulting ccrdierite honeycomb-str jctural Cody in ts axis A cl rection and the thermal 
snocK resistance temperature cf the body ana Fig 2 illustrates a relation between the coefficient ct tr-erma! 
expansior of the resulting horeycomD structural bccy in its axis 3 cirect on and tne thermal snock resistance 
temperature of the body Fig. 3 illustrates a relation between the average panicle sizes of talc used in Sample 
Nos 1-7 and the coefficients of thermal expansion of the resulting cordierite honeycomb -structural todies -.r 
tne r ax;s A direction and m their axis B direction together with the relation between the average part.ae sire of 
talc and the coefficient of thermal expansion of the resulting noneycomo structural body shown in ^g 1 of 
Japanese Patent Application Publication No 57-28.390. 

The average particle size of talc (A). ;B! ard C) in the raw materials shown m Taule : was measured by t^e 
dry separation method by means of JIS standard sieve, and the average particle size of the raw material other 
than talc (A), (Bj and (C) were measured by a Sedigraph sold by Micromeritics Co 
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it can be seen from the results shown in Table 2 that, in Sample Nos 2-6, 9-14. 16, 18 and 19. wherein talc 
having an average particle size of 5-100 urn. alumina having an average particle size of not larger than 2 p.m and 65 
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high-purity non-crystalline silica having an average particle size of not large than 15 jim are used, the resulting 
cordiente honeycomb-structural body has lew coefficients of thermal expansion in its axis A direction and m 
its axis B direction defined in the present invention. 

Further, it can be seen from the results shown in Table 2 that, in Sample Nos 1 and 7 using talc having a 

5 particle size outside the range defined in the present invention, in Sample No. 8 using alumina having a particle 
size outside the range defined in the present invention, in Sample No. 15 using silica having a particle size 
outside the range defined in the present invention, and in Sample No 17 using quartz, cordiente 
honeycomb-structural bodies having a coefficient of thermal expansion either in their axis A direction or in 
their axis B direction defined in the present invention are not obtained 

10 It can be seen from Figs. 1 and 2 that the thermal shock resistance temperature of cordiente 

honeycomb-structural body varies in inverse proportion to its coefficient of thermal expansion, and this 
relation is remarkable between the coefficient of thermal expansion in the axis B direction and the thermal 
shock resistance temperature. It can be seen from Fig. 3 that, in spite of the fact that the talc used in the 
present invention is same in the particle size as talc used in Japanese Patent Application Publication 

15 No. 57-28,390, cordierite honeycomb structural bodies having a very low thermal expansion can be obtained in 
the present invention due to the combination use of high-purity non-crystalline silica and finely divided alumina. 

Example 2 

Raw materials having chemical analysis values and particle sizes shown ?n Table 1 were mixed according to 
20 the batch composition of Sample Nos. 20-54 shown in Table 3, and the resulting mixtures were kneaded 
together with a plasticizer to form extrusion-moldable batches. 

Then, each batch was extruded into a cylindrical green honeycomb structural body having a diameter of 93 
mm and a height of 100 mm, which body had a wall thickness of 152 u.m and had 62 cells per one square 
centimeter, each cell having a square cross-sectional shape. After the green honeycomb structural body was 
25 dried, the body was fired at a firing temperature shown in Table 3 to produce a sintered honeycomb-structural 
body. As the properties of the sintered body, the coefficients of thermal expansion in the axis A direction and 
in the axis B direction, the porosity, the distribution of the diameters of pores, the amount of cordierite crystals 
and the thermal shock resistance were measured. The obtained results are shown in Table 3. 
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Example 3 

The coaiability of the cordiente honeycomD-structurai body of the present invention was examined *r. the 
fallowing manner A mixture of 70° c bv weight cf y-alumma consisimg ot a high-specif c surface area material, 
25- 0 by we<qht of cena powder anc 5 D o by weight of alumina sol was mixed with diluted n-.\r\c acid as a pH 
adjusting agent To produce 20 t of a coating slurry having a solid content of 25" o Cordiente honeycomb 
st'uctural Dodies of the sample numoers shown in the folowng 4 were used among the cordiente 
horeyccmb-structural bodies produced m Example 2, and each of the bodies was c:ppec ;n the above 
obtained slurry for 3 minutes, taken out from the slurry, piaceo in air stream to flew awav remaining Slurry, ana 
then dried The steps from the dipping into slurry to the drying were repeated by 3 times ana then the thus 
treated honeycomb-structural body was fired at 650° C 

The fired honeycomb-structural body was weighed, and the loaded amount of the; coating material on the 
honeycomb-structural body by the 3 times of dipping was measured. Further, the thermal shock resistance 
temperature of the cordiente honeycomb-structural body after coating was measured The obtained results 
are shown in Table 4 
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The obtained results shown in Table 4 are further illustrated in Figs. 5-8, 

Fig. 5 illustrates a relation between the ratio in percentage of the total volume of pores having a diameter of 
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0 5-5 am to the total po r e volume m the honeycomb -st rue tu r al body and the 'oad rg amount c* the coarng 
materia! on the body Fig 6 illustrates a re'ation between the 'atto ~r percentage ot the total volume o* pores 
having a diameter of rot smaller than 10 u.m tc the total pore volume in tne honeycornb-str jet jral body and the 
load'.ng amount ot the coating mater, al on tne body r ( g 7 illustrates a relat'On fcerween *re coefficient of 
tnermal expansion of the honeycomb-structural body in its a>is A direction and the thermal shock resistance 5 
temperature of the body Fig 8 illustrates a relation between the coeff cient of thermal expansion of the 
honeycomb-structural body in its axis B direction and the tnermal shock resistance temperature ot the body 
It can be seen f'om the results of the above described experiment that the cordiente honeycomb-structural 
bodies of Sample Nos 20-24 27-32 34, 36 and 38-53. which have a coefficient of thermal expansion within the 
range defined in the present invention, are equal to or Ngner than the cordiente honeycomb-structural bodies 
of Sample Nos 25. 2 7 , 33 and 37. wh.ch have a coefficient of thermal expansion outside the range defined in 
the present invention, in the thermal shock resistance temperature, and have excellent thermal shock 
resistance 

Further, it can be seen from Table 4, which shows a relation between the distribution of the djameters of the 
pores in the honeycomb-structural body and the loading amount of the coating material en the body or the .'5 
thermal shock resistance of the body in the coated state, that cordiente honeycomb-structural bodies, 
wherein the total volume of pores having a diameter of 0.5-5 u.m is not less than 40°/o based on the total pore 
volume and the total volume of pores having a diameter of not smaller than 10 u.m is not more than 30<Vo based 
on the total pore volume, nas excellent coatabihty and has a high thermal shock resistance temperature after 
coating. jq 

Example 4 

Cordiente honeycomb-structural bodies of the sample numbers shown in the following Table 5 among the 
cordiente honeycomb-structural bodies shown in Table 3 were prepared in the same manner as described in 
Example 2. and the major axis of the smallest domain, the average length of cordiente crystals, the amount 25 
ratio m percentage of c^stals having an aspect ratio of at least 1 5, and the I ratio [l( 1 10)/jl( 1 10) + I (002) }} of 
the cordiente crystal on the honeycomb wall surface (on a plane parallel to the extrusion direction of the 
honeycomb-structural body) of each sample were measured The obtained results are shown in Table 5 

In Table 5, the major axis of the smallest domain was measured from the major axis of the smallest domain, 
which can be identified from the SEM photograph of each sample The length of cordierite crystaJ and the 30 
amount ratio in percentage of crystals having an aspect ratio of at least 15 were measured by a method 
wherein cordiente crystals were randomly selected from the cordiente crystals in the SEW photograph of each 
sample, and the length and width of the crystal were measured, and further the aspect ratio was calculated. 
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It can be seen from the results shown in Table 5 that, in substantially all of the cordierite 
honeycomb-structuraJ bodies of the rx QS gnt invention, the major axis of the smallest domain is not less than 
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20 urn the average length of cordiente crystals is 1-5 um and the amount ratio in percentage of crystals having 
an aspect ratio of at feast 1 5 is not less than 80%. and these ranges are preferable ranges m the present 
insert, on Further. ;t has been found that the t ratio of the honeycomb wall surface is preferably within the 
range of at least 0 78 

Figs 9a and 9b are SEM photographs of 50 magnifications and 2. GOO magnifications, respectively, of the r 
cordiente honeycomb-structural body of Sample No 50 (present invention), and Figs lOa and 10b are SEM 
photographs cf 50 magnifications and 2.000 magnifications, respectively, of the corciente honeycomb-structu- 
ral bocy cf Sample No 54 (comparative sample) Fig 1 1 is a schematic view for exp'ammg various regions m 
the SEM photograph shown in Fig 9a 

It can be seen from Figs 9a. 9b and 1 1 that, in the cordiente honeycomb-structural body of Sample No 50 cf 
tne present invention, long column-like cordiente idiomorphic crystals, which exienc -n the crystaliographic 
a*is c direction and have an average length of 3 5 jim. are predominantly developed to form domains having a 
major axis of not less than 20 u.m Further, it can be seen that crystals having an aspect ratio of at least 1 5 
occupy 85% of whole crystals and many micro-cracks are extending along the crystaliographic axis c direction 
of crystals m the domain Large domain has a major axis of not less than 100 u.m and is difficult to be identified rf 
by the SEM photograph 

On the contrary, in the cordiente honeycomb structural body (comparative sample) of Sample No. 54 shown 
in the SEM photographs of Fig 10a and 10b, the presence of cordierite idiomorph'c crystal is not observed in 
almost whole portion of the photographs, and the average length of the idiomorphic crystals is small and is 0 8 
jam Accordingly, only relatively smail 16 domains (major axis: not less than 10(i) are observed in only a part of 2V 
the photographs Although the photograph of 2.000 magnifications shown in Fig 10b indicates a portion, 
wherein the idiomorphic crystal is developed in a relatively large amount, the amount of crystals having an 
aspect ratio of at least 15 is small, and is only 30% as a whole. Although micro-cracks are observed in the 
photograph of Fig. 10b, the relation of the micro-cracks and the cordiente crystal is not clear. 

Figs 12a and 12b are SEM photographs of the cordiente honeycomb-structural body of Sample No 50 25 
(present invention) at room temperature and at 800°C, respectively, in the same visual field It can be 
ascertained from the comparison of Fig. 12a with Fig. 12b that micro-cracks opened at room temperature are 
substantially completely closed at 800° C This shows that the presence of micro-cracks contributes to the 
production of low thermal expansion cordierite honeycomb-structural body 

Fig. 13 illustrates the thermal expansion hysteresis curves up to 1 ,200°C of cordiente honeycomb structural 30 
bodies of Sample No. 50 (present invention) and No. 54 (comparative sample) It can be seen from Fig 13 that 
the maximum amount of hysteresis (maximum amount of the difference between the thermal expansion at the 
same temperature of the cordierite honeycomb-structural body in the expansion curve during the heating and 
in the shrinking curve during the cooling) of the body of Sample No. 50 is 0.086%, and the maximum amount of 
hysteresis of the body of Sample No. 54 is 0 068%. It is thought that the maximum amount of hysteresis 35 
indicates the amount of micro-cracks and the effect for the production of a low thermal expansion cordierite 
honeycomb-structural body. Since there is no significant difference in the amount of micro-cracks in the 
observation of microstructure between the body of Sample No. 50 and the body of Sample No. 54, the effect of 
micro-cracks for the production of low-thermal expansion cordiente honeycomb-structural body is higher in 
the body of Sample No 50 than in the body of Sample No. 54. 40 

As descnbed above, according to the present invention, a cordiente honeycomb structural body having 
excellent heat resistance and thermal shock resistance, which body has a porosity of higher than 30% but not 
higher than 42% and coefficients of thermal expansion of not higher than 0.3 x 10~ 8 /°C in its axis A direction 
and of not higher than 0.5 x 10~ 6 /°C in its axis 8 direction within the temperature range of 40-800°C, can be 
obtained Moreover, when the distribution of the diameters of pores in the above descnbed cordiente 45 
honeycomb-structural body is property limited, there can be obtained a cordiente honeycomb-structural body 
to be used as a catalyst earner, which has improved shock resistance and coatability with a high specrfic 
surface area material and a catalyst, and is smalt in the deterioration of the thermal shock resistance after 
coating, said detenoration being caused by the coating with the high specific surface area material and the 
catalyst, which have a higher thermal expansion than that of the cordiente carrier. Therefore, the cordiente 50 
honeycomb structural body is very useful as a ceramic earner for supporting catalyst, which is required to have 
particularly high heat resistance and thermal shock resistance and is used in an increasing amount 
corresponding to the manifolding of the purification apparatus for exhaust gas of automobile and to the high 
speed running of automobile. 



Claims 

1 A cordiente honeycomb-structural body to be used as a catalyst earner, having a composition 60 
consisting mainly of 42-56% by weight of S1O2, 30-45% by weight of A/^Od and 12-16% by weight of 
MgO. having a crystal phase consisting mainly of cordierite, having a porosity of higher than 30% but not 
higher than 42%. and having a coefficient of thermal expansion of not higher than 0.3 x 10~ S /°C within 
the temperature range of 40-800" C in the flow-passage direction of tne honeycomb structure and a 
coefficient of thermal expansion of not higher than 0.5 x 10"*/°C within the temperature range of 65 
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40-800° C in a direction perpendicular to the flow-passage of the honeycomb structure. 

2 A cordierite honeycomb-structural body according to claim 1, wherein the coefficient of thermal 
expansion within the temperature range of 40-800" C in the flow-passage direction of the honeycomb 
structure is not higher than 0.2 x 10~ 8 / a C 
5 3. A cordierite honeycomb structural body according to claim 1 or claim 2 which has such a distribution 

of the diameters of pores that the total volume of pores having a diameter of 0 5-5 jam is not less than 40% 
based on total pore volume and the total volume of pores having a diameter of not smaller than 10 u.m is 
not more than 30°/o based on the total pore volume. 

4 A cordierite honeycomb-structural body according to claim 3 which has a pore volume such a 
10 distribution of the diameters of pores that the total volume of pores having a diameter of 0.5-5 u.m is not 

less than 50% based on the total pore volume and the total volume of pores having a diameter of not 
smaller than 10 u.m is not more than 20% based on the total pore volume. 

5. A cordierite honeycomb-structural body according to any one of claims 1 to 4 which has a cordierite 
aggregate {domain) having a maximum diameter of at least 20 pjn, wherein the crystallography axis c of 

is the cordierite crystals are arranged in the same direction. 

6. A cordierite honeycomb-structural body according to any one of claims 1 to 5 wherein the average 
length of the cordierite crystals in the crystallography axis c direction is 1-5 u.m and at least 80% of the 
cordierite crystals have an aspect ratio of a ratio of (length of axis c)/(length of axis a) of at least 1 .5. 

7. A cordierite honeycomb-structural body according to any one of claims 1 to 6 wherein micro-cracks 
20 are formed extending along the crystallographic axis c of the cordierite crystal in the domain structure. 

8. A cordierite honeycomb-structural body according to any one of claims 1 to 7 wherein the cordierite 
crystals has an I ratio of 1 — 1(1 10)/()( 110) + 1(002)} of at least 0.78 on the honeycomb wall surface (on a 
plane parallel to the extrusion direction of the honeycomb-structural body). 

9. A method for producing a cordierite honeycomb-structuraJ body to oe used as a catalyst carrier, 
2S comprising mixing talc having an average particle size of 5-100 ^im, alumina having an average particle 

size of not larger than 2 pjn, high-purity non-crystalline silica having an average particle size of not larger 
than 15 jam and optionally other cordierite-forming matenals so as to form a mixture consisting mainly of 
42-56% by weight of Si02, 30-45<>/o by weight of Ai 2 0 3 and 12-16% by weight of MgO caJculated as 
oxides, kneading the mixture together with a plasticizer and an organic binder to form an extrudably 
30 plasticated batch, extruding the plasticated batch into a shaped article having a honeycomb structure by 

an extrusion-molding method, drying the shaped article, and firing the dried shaped article at a 
temperature of 1 ,350-1 ,440° C. 

10. A method according to claim 9, wherein alumina having an Na20 content of not higher than 0.12% by 
weight is used. 

3S 1 1. A method according to claim 9 or claim 10 wherein kaolin having an average particle size of not larger 

than 2 pjn is used. 

12. A method according to any one of claims 9 to 1 1 wherein taJc having an average particle size of 7-50 
jam is used 

13. A method according to any one of claims 9 to 12 wherein the starting materia] mixture contains 
40 8-20% by weight of the high-purity non-crystalline silica. 

14 A method according to any one of clajms 9 to 13 wherein talc having an average particle size of 
5-15pjn and high-purity non-crystalline silica having an averaga particle size of not larger than 12 pjn are 
used. 

15. A method according to claim 14, wherein talc having an average particle size of 7-12 urn is used. 
43 16. A method according to claim 14 or 15 wherein high-purity non crystalline silica having an average 

particle size of not larger than 8 u.m is used. 
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